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We consider a solution of nanoparticles in a pore with one of its walls being a liquid
crystalline polymer brush. Both nanoparticles’ ligands and the brush molecules side chains
contain the same liquid crystalline groups. The system is studied using the molecular
dynamics simulations. At both cases of a low and high brush density, the aggregation
between the pairs of nanoparticles in a bulk and between the brush molecules prevail.
However, we found a specific brush density when the nanoparticles are adsorbed more
readily on a brush than aggregate in a bulk. A set of density profiles as well as the
dynamical properties of nanoparticles are analysed in all cases considered.
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1. Introduction

Physical and chemical properties of nanoparticles (NP) are important in a view of their optical, mag-
netic, electronic and catalytic applications [1–3]. Their properties differ essentially from that of bulk
materials due to quantum confinement effects and high surface-to-volume ratio. These properties,
however, are weakened with the NPs aggregation and with an increase of the particle size. To prevent
such demise, several solutions exist, namely, decoration of NPs via polymer ligands, incorporating
them into the branched polymer structures or microgels, etc. We will concentrate here on the first
in the list of these approaches. Decoration of NPs enables much more control over the NPs aggrega-
tion/deaggregation, gelation, adsorption, fine-tuning of their interaction with the surfaces and with a
solvent. Many types of a NP core is currently used, typical examples are: metallic cores of Au, Ag, Rh,
Pd, Pt, Ir and Os [4–7], as well as the cores of hyper-branched polymers, aromatic compounds of dis-
cotic shape, porphyrin, fullerenes, etc. [8–14]. Among metal-based cores, probably the most common
examples of decorated NP are gold-core nanoparticles, due to their important applications in hetero-
geneous catalysis [7, 15, 16], the surface-plasmon-resonance-based applications [6], medical diagnostics
and therapeutics [17, 18].

The state of decorated NPs in solution depends on the chemical properties of environment [19–22];
the type of polymer ligand, e.g. homopolymer [8,23,24] or co-polymer [25,26]; the presence of specific
functional groups, e.g. the liquid crystalline (LC) ones or chromophoric [27–30]; as well as the possibility
to arrange the ligands as specific spatial patches [8,31–35]. All these factors allow one to turn decorated
NPs into micro-blocks for specific supramolecular bulk assembly. Another way to control behaviour
of NPs is by functional or structured surfaces [36], one example is a polymer brush, the details of
synthesis is given in e.g. Refs. [37] and [38]. The interaction between the NPs and the brush wall can
be made explicit if both contain compatible chemical groups that interact in a spatially-resolved way.
Following some of the earlier papers [35, 39–43], we will study the NPs decorated by LC groups here.
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Therefore, the natural choice for a compatible functional surface is a LC polymer brush built-up of a
polymer chains of a main-chain [44] or side-chain [45] architecture. We will focus on a latter case only.

On a general note, a LC polymer brush is a collection of the LC polymers that may self-assemble
into various LC phases (e.g. nematic [46]) depending on their density and the temperature. Grafting of
their ends to a wall provides a constraint that stabilizes layered, e.g. smectic, phases. Several chemical
techniques can be utilised to fabricate the LC polymer brush: (i) using the preformed polymer chains
(“grafting-to”); (ii) surface initiated polymerization (“grafting-from”); and polymerization using surface
attached monomers (“grafting-through”) [47]; as well as spin-casting. The important aspect of such
brush is the orientation of its LC groups, which can typically be planar or homeotropic with respect to
the wall, and can be achieved by the use of appropriate preparation method [47]. Another key factor
is the density of a polymer brush, as it typically undergoes the transition from a “mushroom” state
at low density to the dense brush state at high density. The latter exhibits unique properties because
of the stretched chain conformations, and dense LC polymer brushes can be prepared via e.g. surface
segregation and self-assembly of diblock LC polymer molecules [48]. Another wide and technologically
important class of LC polymer brushes are photo-sensitive brushes that contain chromophoric, e.g.
azobenzene groups [49]. Such brush changes its effective height and roughness when illuminated by an
uniform beam of specific wavelength [50], whereas the spatially-modulated illumination pattern leads
to formation of a surface relief on it [49].

If both NPs and a brush coexist in one system, then several NP-brush mutual arrangements are
possible: (i) NPs and brush phase separate; (ii) NPs are adsorbed on a surface of a brush and form a
2D structure there; (iii) NPs may be adsorbed by a bulk of a brush and arrange into a 3D structure;
for more detailed review, see Refs. [51]. The fine details of these respective 2D or 3D structures depend
on many factors such as brush composition and density, type of solvent, etc. In particular, for strong
NP-polymer interactions, an ordered 2D array is only formed at particular brush density, whereas at
higher or lower density, the distribution of NPs demonstrate large fluctuations in space and the packing
order is reduced. For weak NP-polymer interactions, the NPs arrange into a hexagonal array on top of
the polymer brush at high enough grafting density to result in a dense brush [51]. In the arrangement
(ii), a brush of diblock copolymer may act as the functional surface capable of moving NPs on their
surface [52], of NPs may slide down to the valleys of the surface relief formed on a brush surface [53].
Transitions between different arrangements are possible as well, e.g. the transition (iii) → (i) takes
place in diblock copolymer brush that acts as stimuli-sensitive and controllable release systems for
NPs [54]. Adsorption of NPs into a bulk of a brush, arrangement (iii), leads to a composite material
with a synergy of the properties of both constituents. As remarked in Ref. [55], a brush can function as
a nanocomposite matrix acting as a reaction chamber for NPs synthesis, a scaffold for immobilization of
NPs or as a capping agent for blocking the NPs aggregation leading to new related applications. These,
in particular, are: catalysis, sensors, new optical materials, nanoelectrodes, antimicrobial, antiadhesive
and nanomagnetic materials, for more details, see Ref. [55].

Most experimental, theoretical and simulation work done in this field, consider undecorated NPs but
various types of brushes, e.g. mixed brush, diblock-polymer brush, nanopatterned brush, etc. However,
when both the NPs and the brush contain similar LC groups, their interaction became more specific
and spatially-resolved, as well as controllable by light if the LC groups are chromophoric, e.g. azoben-
zenes [30,47,49,50,56]. This opens up many possibilities for photo-controlled adsorption/deadsorption
of NPs by the LC polymer brush and related applications for controlled drug release, catalysis, organic
electronics developments. In this study we analyse the adsoption of NPs on a LC polymer brush in
terms of the system structure and dynamics by molecular dynamics computer simulations. The model
details are considered in Sec. 2, the results are discussed in Sec. 3, followed by Conclusions.
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2. The model

The intrinsic time- and length-scale for the adsorption of decorated NP on brush makes it logical to
employ the coarse-grained modelling. It is done by splitting the molecule into beads each representing
certain characteristic atomic group. The beads are interacting via effective potentials, typically of
rather soft nature. Effective potentials are either derived by parametrization based on the use of
simulations of a more detailed model [57, 58], or postulated as a simple analytic form with their
coefficients found from matching compressibility, viscosity or phase behavior of a certain real system.
The best known realisation of the latter scenario is the dissipative particle dynamics approach [59].
Here we use the coarse-grained model for a NP decorated by the LC ligands used in a number of
previous studies [35, 39, 40, 42, 43, 60, 61], which is based on the earlier works [62–64].

Fig. 1. Illustration of a modelling setup used in this
study. The NP core unit is shown as a large pink sphere,
ligands contain a spacer shown in gray and terminating
LC bead, brush monomers are shown in red with their
side chains terminated by the same KC bead as in NPs.

The model NP comprises a large core bead
decorated by 12 ligands each containing a short
spacer of two beads and a terminal mesogen.
As shown in Ref. [35], in poor solvent condi-
tions, such NPs form a nanogel due to the at-
traction between the mesogens. The properties
of a nanogel depend strongly on the decoration
pattern on the NP surface. Out of many dec-
oration patterns considered in Ref. [35] we use
here the HDG one, characterised by the icosa-
hedral arrangement of ligands on the surface
of the core bead. Such arrangement mimics,
for instance, the tetrahedral decoration of the
fullerene [65, 66]. In the simulations, it was
found to produce only local links between NP in
solution but not a single-network nanogel struc-
ture, [35] thus enabling diffusion of the NPs and,
hence, their possible adsorption on the brush.
The brush molecules are of the side-chain archi-
tecture containing a backbone of 36 beads and
12 side chains spread uniformly across it, each
side-chain contains a two-bead spacer and a ter-
minal mesogen of the same type as in the NPs.
The first bead of each backbone is grafted to the
bottom surface of the simulation box chosen as
the z = 0 plane, as shown in Fig. 1.

We will concentrate on the dimensions of the beads and on the details of the effective interactions
now. Let σ0 define the reduced unit of length. Then, the diameters of the spherical beads comprising
decorated NP in reduced units are: σ = 4.656 for the core bead, σ = 1.357 for the first and σ = 1 for
the second bead of a spacer, based on the earlier estimates from Ref. [62, 63]. The mesogens of both
decorated NPs and brush molecules are characterised by the diameter of their spherical caps D = 0.815
and their length-to-breadth ratio of L/D = 3, based on the dimensions of typical mesogens (e.g. 5CB)
in real units. Spherical beads of the brush molecules and that of a solvent are chosen to be of the same
diameter σ = 1 as the smaller spacer bead in the NP.

Both types of beads, spherical and spherocylinder, are convex bodies and we use the Kihara type of
the non-bonded interaction potential [67]. In this formalism, one assumes the presence of an internal
interaction core: the center of the sphere and a line joining the centers of spherical caps, respectively.
If rij is the vector that connects the centers of ith and jth beads and êi and êj – their orientations
(for spherocylinder beads only), then the set qij = {êi, êj , rij} fully characterizes the mutual spatial
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position of the ith and jth beads. The shortest distance between the internal cores, d(qij), is evaluated
and enters the analytic form for the effective potential with quadratic soft-core repulsion of the type
∼ [1 − d(qij ]

2. As far as our model contains spherical beads of rather different size, application of a
usual combination rule σij = (σi + σj)/2 will soften significantly the repulsion near the surface of a
large sphere (e.g. a core bead). Therefore, we use the shifted form of the interaction potential

V SRP =





u, d(qij) < σij − 1,

u [1 − [d(qij) − σij + 1]]2 , σij − 1 6 d(qij) 6 σij,
0, d(qij) > σij .

(1)

In a special case of σij = 1 the shift disappears. The energy prefactor u in Eq. (1) is set to a different
value depending on the types of interacting beads. It is expressed in reduced units with the energy
scale given by u0, characteristic energy of repulsion of two spacer beads. We assume u = 1 for all
pairs not involving the solvent. To mimic poor solvent conditions we set stronger repulsion with u = 2
between the NP beads and these of a solvent.

In the case of NP with metallic cores, e.g. Ag and Au, a double electric layer is formed around
each surface-stabilized core [30] leading to the stronger core-core repulsion. Following Ref. [35], we use
for this type of interaction shifted repulsive ad hoc potential of adjustable range rc with the energy
prefactor u = 2

V SRP
c =





2u, rij < σc,

2u
[
1 −

rij−σc

rc−σc

]2
, σc 6 rij 6 rc,

0, rij > rc.

(2)

This interaction potential can be interpreted as a primitive model for screened Coulomb potential with
a range rc = 11.7 chosen not to exceed Lx/2.

The mesogen-mesogen potential is of the Lintuvuori-Wilson form [64] rewritten for the sake of
convenience in reduced units, following Refs. [41, 68]

V SAP =





u

{[
1 −

d(qij )
D

]2
− ε′(qij)

}
,

d(qij)
D

< 1,

u

{[
1 −

d(qij )
D

]2
− ε′(qij) −

1
4ε′(qij)

[
1 −

d(qij )
D

]4}
, 1 6

d(qij)
D

6 dc,

0,
d(qij)
D

> dc,

(3)

ε(qij) =

{
4
[
U ′
a − 5ε′1P2(êi · êj) − 5ε′2

(
P2(r̂ij · êi) + P2(r̂ij · êj)

)]}−1

, (4)

where the dimensionless configuration dependent well depth ε′(qij) is obtained from the requirement
that both the potential and its first derivative vanish at dc [64]. Here r̂ij = rij/rij is the unit vector
along the vector rij, U ′

a = 21.43, ε′1 = 1.714 and ε′2 = −1.714 are dimensionless parameters that
define the shape of the potential and a chosen to reproduce the “model A” being studied in Ref. [64],
P2(x) = (3x2 − 1)/2 is the second Legendre polynomial.

The expression for the bonded interactions

V bon =

NNP∑

i=1

V bon
NP +

NB∑

i=1

V bon
B (5)

includes a sum of the contributions from NNP NPs, each given as

V bon
NP =

nb∑

i=1

kb(li − l0)2 +
na∑

i=1

ka(θi − θ0)
2 +

n′

a∑

i=1

k′a(θi − θ′0)
2 +

nz∑

i=1

kz(ζi − ζ0)2, (6)
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and the same from NB brush molecules, the contribution from a single molecule is

V bon
B =

mb∑

i=1

kb(li − l0)
2 +

ma∑

i=1

ka(θi − θ0)
2 +

m′′

a∑

i=1

k′′a(θi − θ′′0)2 +

mz∑

i=1

kz(ζi − ζ0)
2. (7)

Each NP contains nb = 36 bonds, the number of bonds for each brush molecule is mb = 71. The
bond energy constant is set to kb = 15 in reduced units and is the same for all bonds. The reference
bond lengths are: l0 = 3.25 (core – first spacer bead in NP), l0 = 0.784 (first-to-second spacer bead
in NP and all bonds between spherical beads in brush molecule) and l0 = 1.87 (spacer bead – center
of a terminal mesogen in both NP and brush molecule). In total three types of pseudo-valent angles
are used. The angles of the first type control the amount of stiffness of linear polymer fragments (a
backbone, side-chains and ligands) and are characterised by the reference angle θ0 = π and the force
constant of ka = 0.286/rad2. There are na = 24 of them in each NP and ma = 58 in each brush
molecule. The second type of angles is introduced for the NP to keep the icosahedral arrangement
of ligands. To this end we introduce the angle [i]-[core]-[k] for each pair (i, k) of vertices forming an
edge of the icosahedra, in total n′

a = 30 angles. As the result, the icosahedral decoration scaffold
keeps its arrangement but is allowed to slide over the surface of the core bead, thus eliminating the
need for rotational degrees of freedom for the NPs [35, 69, 70]. These angles are characterised by the
reference angle θ′0 = π/3 and the force constant k′a = 0.714/rad2. Finally, the angles of the third type
are introduced to keep the side-chains of the brush molecules preferably perpendicular to their host
backbones. Each brush molecule contains m′′

a angles of this type characterised by the reference angle
θ′0 = π/2 and the force constant k′′a = ka. Additional terminal angles, ζi ensure that the mesogen
group is connected properly to the ligand spacer, [71] the parameters of this energy term are given as:
ζ0 = π and kz = ka. The set of angles of all these types also prevent brush from a self-collapse in a
poor solvent conditions and, thus, enable them to adsorb the NPs.

3. Results

The model system is contained within the simulation box with the dimensions Lx = Ly = 21.8 and
Lz = 54.5 in reduced units. Periodic boundary conditions are applied along X- and Y -axes and elastic
reflections are performed when the bead crosses one of z = 0 or z = Lz walls. Dimension Lz of the
box is chosen due to the requirement that the maximum extension of the brush molecules should not
exceed Lz/2. We consider the set of various grafting densities of the brush with, respectively NB = 0,
1, 4, 9, 16, 25 and 36 brush molecules, with their ends grafted at the vertices of a square grid. The
number of NPs is fixed at NNP = 20. This setup is shown in Fig. 1 for the case of NB = 4 but we
reduced the number of NPs there to 3 for the sake of clarity. The rest of the simulation box is filled
by the solvent until the total density of the solution reach the value of 0.5g/cm3.

The simulations are performed via molecular dynamics in the NV T ensemble at the reduced temper-
ature of kBT/u0 = 0.0095, the same as in Ref. [35], it corresponds to T = 480K in Refs. [39,40,43,60].
The temperature control is provided by means of velocity rescaling. Due to soft nature of all interaction
potentials, the time-step of the simulations is chosen equal to be around 20fs in real units.

For each number of brush molecules, NB, we perform five “adsorption” runs, each of duration 20ns.
During the adsorption runs, the mesogens attract each other and form physical crosslinks. Due to the
presence of them both in the NPs ligands and in the brush, the aggregation of the NPs in the bulk part
of the simulation box and their adsorption on the brush will compete. The result of the competition
is expected to depend on the grafting density, i.e. the number NB of brush molecules. Each such
run is preceded by the “refreshing” equilibration run of the same duration, during which we switch off
the attraction between the mesogens, i.e. the repulsive interaction potential (1) is used instead of the
attractive one (3). This eliminates aggregation of NPs, as well as their adsorption on the brush an also
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allows them to diffuse throughout the simulation box. System properties in the adsorption regime are
evaluated by averaging the data obtained during the last 4ns of each adsorption run.
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Fig. 2. Histograms for the number density profiles
nNP (z) for the NP cores along the Z-axis at various
number NB of brush molecules (indicated in each plot).
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Fig. 3. Cumulative number density cNP (z) for the NP
cores along the Z-axis at various number NB of brush

molecules (indicated in each plot).

Let us examine first the number density pro-
files for the NP cores along the Z-axis

nNP (z) =
NNP (z)

NNP

, (8)

where NNP (z) is the number of NPs such as
their core beads are at the separation z from the
z = 0 wall. To allow easy comparison of nNP (z)
obtained at various NB , they are presented as a
stack of histograms, see Fig. 2. With no brush
molecules present, NB = 0, one observes the
effect of layering of NPs near each wall with
the peak heights decaying and their widths in-
creasing as one moves towards the middle re-
gion of the box (20 < z < 35). Density profile
at NB = 4 indicates no visible changes, whereas
at NB = 9 there is a subtle change in the mid-
dle region of the box. At yet higher number
NB = 16 of brush chains, the profile in the mid-
dle region of the box disappears, whereas the
width of the second peak, as counted from the
z = 0 wall, increases. This indicates adsorption
of the NP from the middle region of the box into
the upper part of the brush. With the further
increase of NB , NB = 25, 36 two effects are ob-
served: (i) nNP (z) became smeared in the brush
region z < 20, and (ii) some NPs escape from
the brush now into the middle region of the box.
This may indicate that the adsorption of NPs is
hindered by too high density of the brush that
literally “push out” the superfluous NPs.

The presence of an optimal value of NB ≈ 16
for adsorption of NPs in a brush in this partic-
ular model is further confirmed by evaluation of
the cumulative number density of NPs

cNP (z) =
∑

zi<z

nNP (zi), (9)

which has a meaning of a fraction of NPs with
their core beads found at the separation less
than z from the bottom wall (the property that
can be associated with the uniaxial coordina-
tion number in the theory of liquids). The plots
for cNP (z) obtained at different NB are shown

in Fig. 3. At NB = 0, 4, 9 one observes a step-like dependence with z with five plateau, each plateau
emerging after the following layer of NPs being incorporated into the interval of 0 − z. At NB = 16,
the second and third plateau merge into a single large one, indicating adsorption of NPs into the brush
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already at z ≈ 18. With the increase of NB up to 36, the steps for cNP (z) disappear for all z < 30
and are found again only in the bulk part of the simulation box, z > 30.

Fig. 4. Snapshots for the brush and the NPs system at
various number of brush molecules NB. The NB = 4
case is shown on the left, NB = 16 – in the middle,

NB = 36 – on the right.
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Fig. 5. The average mean square displacements
MSD(∆t, z) of the core beads at equidistant time in-
tervals ∆t binned along the Z-axis. The number NB

of brush molecules is indicated in each plot.

The changes undergone by the arrangement
of NPs and the structure of a brush upon the
increase of NB from 4 through 16 up to 36, are
visualised in a series of snapshots Fig. 4. One
should note a gradual increase of the effective
brush height (about 0.25Lz , 0.4Lz and 0.5Lz , re-
spectively) and upward straightening of its indi-
vidual molecules, characteristic to the transition
to the dense brush regime. These two factors,
alongside with the sheer increase of the number
of mesogens within a brush, must be responsible
for the enhanced adsorption of NPs in a lower
brush density regime, culminating at NB ≈ 16.
With the further increase of NB , two other fac-
tors must be dominating, namely: a lack of an
accessible volume for NPs within a brush and a
self-assembly of the brush molecules into some
ordered lamellar-like morphology (see, Fig. 4 on
the right). These factors are most likely respon-
sible for hampering the adsorption of the NPs.

We will proceed now to the short-time dy-
namics of the NPs depending on their separation
z from the bottom wall and the number of NB of
brush molecules. It is examined via the average
mean square displacements (MSDs) of the core
beads evaluated at given time interval ∆t and
within each bin that includes z

MSD(∆t, z) = 〈[ri(t2) − ri(t1)]2〉|zi(t1)=z, (10)

t2 − t1 = ∆t.

Here we identify the MSD host bin via the posi-
tion of the core bead at the initial time instance
t1. The averaging is performed over the core
beads of all NPs and over all available initial
time instances t1 within the averaging intervals
of adsorption runs, as defined above. The re-
sult is shown in Fig. 5 as a series of overlapping
plots build for an equidistant time intervals ∆t
for four cases of NB = 0, 4, 16 and 36. This al-
lows for monitoring the increase of MSD with ∆t
at each separation z from the bottom wall.

Let us consider the case with no brush, NB =
0, first. The MSDs are arranged in stripes follow-
ing layering arrangement of NPs shown earlier in
Fig. 2. At the same ∆t, the height of each stripe
is found approximately equal. The increase of MSD upon increase of ∆t in each z-bin is getting approx-
imately linear for ∆t > 0.24ns indicating the start of diffusive regime. Now we will switch to the case
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of NB = 4. One should recall, that at this low brush density regime, no changes in NPs arrangement
is detected (see, Fig. 2). This small number of brush molecules is, however, sufficient to immobilise
the NPs within the region of a brush z < 0.25Lz ≈ 14. Similar effect is observed for the rest cases
of NB = 16 and 36, where the adsorbed NPs are found immobilised within the approximate height of
the brush, z < 0.4Lz ≈ 22 and z < 0.5Lz ≈ 27, respectively. At the highest value of NB = 36, the
dynamics of NPs in the bulk part of the box is seriously reduced, too. The reason can bee seen in the
increase of the local density of NPs there, due to their expulsion from the brush region.

4. Conclusions

In this study we considered the system of NPs, decorated by the LC groups, along with the LC polymer
brush, built of polymer chains with side-chain architecture. The latter are grafted to the fixed points
on the bottom wall of the simulation box and form so called functional surface. The same type of the
LC groups is used in both NPs and in the brush molecules, leading to: (i) aggregation of NPs in a
bulk part of the simulation box, (ii) self-collapse of the LC polymer brush, and (iii) adsorption of NPs
on the brush. Our aim was to study the prevalence of the particular effect depending on the brush
density.

After conducting computer simulations and analyzing NP cores density profiles nNP (z) along the
Z-axis at various number NB of brush molecules, it was found that for NB = 0, NB = 4 and NB = 9
NPs accumulate near each wall with the peak heights decaying and their widths increasing as one
moves towards the middle region of the box. The value of NB = 16 is the most optimal one, because
in this case one observes the most intense NPs adsorption on the upper part of polymer brush. With
further increase of NB , namely NB = 25, 36, density profile values demonstrate, that NPs are more
and more evenly distributed in the brush region. However some of them are, on the contrary, shifted
from the brush to the middle region of a simulation box. It means, that the density of brush molecules
becomes too high, which prevents NPs adsorption and literally pushes out “extra” NPs out of it.

The presence of an optimal value of NB ≈ 16 for adsorption of NPs in a brush in this particular
model is further confirmed by evaluation of the cumulative number density of NPs. In the case of a
gradual increase of both NB and effective brush height (about 0.25Lz , 0.4Lz and 0.5Lz , respectively),
an adsorption stops at NB ≈ 16 due to lack of an accessible volume for NPs within a brush and a
self-assembly of the brush molecules into ordered lamellar-like morphology.

The brush density value NB ≈ 16 is also confirmed as most optimal one for NPs adsorption by
analyzing short-time dynamics of the NPs. It is examined via the average mean square displacements
(MSDs) of the core beads evaluated at given time interval ∆t and within each bin that includes z
(distance to the bottom wall of the simulation box). One should note, that both for NB = 16 and
NB = 36 adsorbed NPs are located approximately on the height of the brush, but for latter one, the
dynamics of NPs in the bulk part of the box is seriously reduced. The reason for this can be an increase
of the local density of NPs there, due to their expulsion from the brush region.

The study can be continued to provide more insight on the properties of the LC brush itself,
depending on its density, chains flexibility and the details of molecular architecture. Other possible
extension is to consider various decoration patterns of ligands on the NPs surface and their role
in the interplay between the aggregation and adsorption depending on the system setup. One also
would benefit of considering the larger system sizes and performing averaging over a larger number of
simulation runs.
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Адсорбцiя функцiоналiзованих наночастинок на рiдкокристалiчнiй
полiмернiй щiтцi: дослiдження методом молекулярної динамiки

СлюсарчукА.Ю.1, ЯремчукД.Л.2, IльницькийЯ.М.1,2
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Розглянуто розчин наночастинок у порi, одна iз стiнок якої є рiдкокристалiчною
полiмерною щiткою. Як лiґанди наночастинок, так i бiчнi ланцюжки молекул щiт-
ки мiстять рiдкокристалiчнi групи того ж типу. Дослiдження виконано шляхом
комп’ютерного моделювання методом молекулярної динамiки. В обох випадках, за
низької та високої густини щiтки, переважає аґрегацiя мiж парами наночастинок в
об’ємi та мiж молекулами щiтки. Проте, знайдено специфiчне значення густини щiт-
ки, за якого адсорбцiя наночастинок на щiтцi переважає їх аґрегацiю в об’ємi. Для
всiх розглянутих випадкiв побудовано набори профiлiв густини та проаналiзовано
динамiчнi властивостi наночастинок.

Ключовi слова: наночастинки, рiдкi кристали, полiмернi щiтки, адсорбцiя.
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